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Abstract. The calibration of nearby visual binary stars on théhe determination of metallicity and effective temperature, but
HR diagram is used to determine the helium abundance, agmerally only for the primary component. The effective tem-
and mixing length parameter for stars other than the Sun. perature for the secondary has to rely on the colour index. Both

Four Population | low mass systems with high-quality da&tars are assumed to have a common formation, which implies
are analysed by means of standard evolutionary stellar modéi& same age and the same chemical composition. Therefore,
n Cas, 70 Oph{ Boo and 85 Peg. four unknown parameters remain: age, helium abundance and a

Complementing these results with those for the Sun antdxing length parameter for each star. Theoretical stellar mod-
«a Cen it is shown that in the framework of the mixing-lengttels can then be calculated for each component of the binary
formalism to describe convection, a unique value of the mixingystem. These four unknowns are adjusted to give the best fit
length parameter, equal to the solar one can be used to mdmgiveen the evolutionary tracks and the observed luminosities
these objects. and effective temperature for each star. The method has already

Except for the 85 Pegasi system, which cannot be explainsebn applied tae Cen (Noels et al. 1991; Edmonds et al. 1992;
by means of standard stellar evolutionary models, the helidrarnandes & Neuforge 1995), and it can be applied to several
abundance is determined with a precision of 0.02 (p.e.) and #editional systems to obtain stronger modelling tests.
age with a precision of 2 Gyr (p.e.). A concomitant positive re- The knowledge of both helium abundance and age is very
lation between metallicity and helium abundance is found fanportant for understanding the galactic chemical evolution.
these stars, corresponding to a mean value of abhdGtAZ However, for low mass stars the helium abundance Y, in mass
~ 312 (relative helium-to-heavier-elements enrichment pararfraction, cannot be determined by spectroscopy. This is the case
eter) but there is no clear correlation between age and mefal-the Sun where Y is obtained by calibration, using the con-
licity. The consequences of the results of the use of the newaint that the solar model must yield the solar luminosity at the
parallaxes from thellPPARCOS mission are briefly discussed. solar age. Solar models using the Livermore radiative opacities

(Iglesias et al. 1992) lead to & 0.28 (Berthomieu et al. 1993;
Key words: solar neighbourhood — Hertzsprung-Russel (HRharbonnel & Lebreton 1993; Dar & Shaviv 1996). This value
and C-M diagrams — stars: fundamental parameters — stars: eepresents the initial Yi.e. the abundance of the primordial
lution — binaries: visual cloud from which the Sun was formed.

The stellar age is very difficult to determine. If the star
belongs to a cluster, the age can be estimated by means of
isochrones. Empirical methods like the correlation between age
and stellar rotation, age and stellar activity or age and stellar

With the exception of the Sun, modelling a single star is an indénematics of the Galaxy give only qualitative estimates (Poveda

terminate problem because the number of unknown parame®ral- 1994).

is larger than the observed ones. For a small number of binaries, The low mass stars have an external convective region with a

astrometric and spectroscopic observations are available, wrigRer-adiabatic layer. The stellar surface is particularly sensitive

provide stronger constraints on those stellar models. to the modelling of the convective flux in this layer. When the
I the orbit is known and if the system is close enough, hidﬁixing length theory is used to describe the convection, the stel-

quality measurements of the parallax provide accurate valldsmodel and in particular the super-adiabatic layer remain de-

for luminosities and masses. Spectroscopic observations alR@fdent on a free parameter, .7, the mixing length parame-
ter. Inthe case of the Sum,, ;.7 is adjusted to reproduce the ob-

Send offprint requests to: J. Fernandes served radius of the solar age. The value gf; - is particularly
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dependent on the treatment of the solar atmosphere, and in par Cen was clearly higher than the solar one, and therefore
ticular on the low temperature opacities (Sackman et al. 199fjvoured a “unique value af,,;r for the two components”.
Therefore, for a certain atmosphere model under a fixed physical The calibration method from Noels et al. (1991) is valid only
hypothesis, the solar,, ;7 can be determined with an accuracyor solar like objects, where the physics of the models is con-
as good as 10% (Neuforge 1995). Moreover, recent resultssafered as known except for the treatment of the superadiabatic
convective hydrodynamic simulations seem to indicate that,layer.

least in the main sequence, thg ;. value should be constant  When binaries have a more massive component a new pa-
during the solar evolution (Ludwig et al. 1995). rameter appears: the amount of the overshooting from the con-

The solara ;17 is currently used to model other stars. Butective core. The solution is then less severely constrained. This
one can ask why the value determined for the present Sun shasittie case for th¢ Herculis visual binary (Lebretonetal. 1993;
apply to other stars with different masses, ages and/or chemiCalmielewski et al. 1995) and the spectroscopic binary Al Phe
compositions. (Andersen 1991).

Visual binaries provide useful constraints to answer this In this paper we examine the four low mass Population |
guestion. In recent years there has been renewed interest imiis@rby binary systemgCas,£ Boo, 70 Oph and 85 Peg which
study ofa Cen, the nearest binary. Noels et al. (1991) analyséddhve the most precise determinations of the observational data.
a Cen in the HR diagram and assumed a common origin and The paper is organised as follows: in Sect.2 we present
the samev,, . value fora Cen A and B. This was justified as the observational sample studied here, in Sect. 3 we discuss the
follows: “As thesea Cen A and B masses are very close (...ptellar modelling procedure. In Sect. 4 we present the results
the efficiency of convection should be the same (...)”. Consa&nd in Sect. 5 we discuss them.
quently, age, metallicity Z, Y, and;rr, were adjusted. They
found the following solution: age =5Gyr, Z =0.04; Y = 0.3 -
andaj, . = 1.6. The results of Noels et al. (1991) with respe2czt' The observational sample
to the age and the helium abundance were confirmed later2. Criteriafor the choice of the visual binaries
ot_her authors (Edmonds etal. 1992; Lydon etal, 19@3)6.” 'S Starting from Popper’s list (1980) we chose the best candidates
slightly older than the Sun and the helium abundance is highe . . . .

X o .2 with respect to the following observational or theoretical crite-
than the solar one, corresponding to a metallicity also h'ghr?arr
than the solar one. '

Another interesting result from Noels et al. (1991) concerns, Independent evolution: The calibration method could be ap-
amrr, Which was found to be equal to the solar value. This plied only if the evolution of each component was indepen-
point was confirmed later by Neuforge (1993), using new inte- dent. This could be obtained if both stars were sufficiently
rior and molecular opacity data in the stellar models and new separated (typically more than 10 A.U.);

detailed spectroscopic observations for the effective tempera- Mass range: We kept only binaries for which both compo-

tures ofa Cen made by Chmielewski et al. (1992). nents had masses in the rarigé < M/M,< 1.0. Stars
~ Edmonds et al. (1992) performedCen calibrations but  with masses greater than about /4 have a permanent
did not adopt the hypothesis of a uniqueg,.r. In contrast  convective core, introducing an additional parameter, the

to Noels et al. (1991), the Z-value was fixed at 0.026 as a re- amount of overshooting.

sult of a preceding detailed analysis (Furenlid & Meylan 1990). Moreover in massive stars the microscopic diffusion of

Slightly differenta . values were claimed for the two com-  chemical elements can be very important and we did not

ponents, i.eanrrr 4 =1.06 andvarr g =1.25 (see also Lydon  jnclude it in our stellar models (see Sect. 3.1).

etal. 1993). We fixed the lower boundary at Q\&., thereby avoiding
Recently in order to explain the discrepancies between the difficulties in the treatment of the equation of state (see

results of Noels et al. (1991) and Edmonds et al. (1992), Fer- Sect. 3.1) and the atmosphere;

nandes & Neuforge (1995) pointed out that the determinatia®) The best orbits: We considered the binaries for which the

of the apsr value for both components was very dependent orbits were sufficiently accurate to allow a good determi-

on metallicity. They performed Cen calibrations for different nation of the stellar mass. Using the orbit quality scale of

values of Z, covering the range of the published observed values.worley & Heintz (1983), of 1 (definite) to 5 (indeterminate)

The free parameters were Y, age and a different,r value we retained only those classified between 1 and 3, i.e. at

for each star. They found that only high Z values<20.038) least half of the orbit defined or better (see Table 1)

led toan 74 = anmrr g, Which was equal to the solar value. 4. Accurate parallaxes: We kept the systems for which the
Therefore, the knowledge of the correctCen metallicity parallax was know with an error lower than 4%. Therefore,

is crucial in order to decide if the,, . solar value canbe used  we expected to have a very precise determination of mass

for « Cen A and B. Very recently Neuforge & Magain (1996)  sums €10%) and luminosities<{10%). With the results

made a new detailed spectroscopic analysis 6fen and they  from the HIPPARCOS we expected to improve the parallax

found a metallicity value consistent with the observations of error to less than 1% (see Sect. 4.5)

Chmielewski et al. (1992). This indicated that the metallicitys, Spectroscopic analysis: We considered only binaries for

which a detailed spectroscopic analysis was performed at
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Table 1. Observational data for the selected systhems

Observable n Cas A nCasB & BooA £ BooB T700phA T700phB 85PegA 85PegB
Spectral type G3V K7V G8V K4V KOV K5V G3V K6V
My 3.45 7.51 4.70 6.97 421 6.00 5.81 9.0
(R-1) 0.59 0.44 0.45 -
Terr (K) 6087+60 5551-20 5322+20 5391-22

metallicity [F'e/ H] -0.31+0.05 -0.210.08 0.0t0.1 -0.65+0.10
Parallax,r(") 0.1684+0.0031 0.149%0.0036 0.1962:0.0051 0.0796:0.0032
Period, P (yr) 48810 151.56:0.17 88.3&:0.04 26.27-0.19
semi-major axis, a(”) 11.980.02 4.9220.01 4.56@0.01 0.83:0.02
Fractional mass ratio, B 0.390.01 0.452:0.003 0.445-0.004 0.445-0.008
Quality of the orbit 3 1 1 1

least for the primary component, giving a precise measugitive effective temperature indicator for G and K stars (Gray
of its effective temperature and metallicity; etal. 1996). Gray’s determination is in close agreement with the
6. Photometric measurements for the secondary star: Usually recent determination by Blackwell & Lynas-Gray (1994) who
no detailed spectroscopic analysis is available for the sesed the infrared flux method, IRFM, yielding 6044120 K.
ondary, so we considered the binaries for which photometifitie metallicity is taken from Edvardsson et al. (1993).
measurements existed for the secondary. We estimated then Cas is a very interesting candidate for a calibration proce-
effective temperature for the secondary using the colour iddre. First) Cas has a metallicity 3 to 4 times lower than that of
dex (R-I), except foB5 Peg B for which it had not been o Cen and the comparison of the results for each binary might
measured at the time. give an indication of the effect of metallicity on the modelling
satisfied all method. Second; Cas A is a good candidate for the detection
of solar type p-modes (Pery & Libbrecht 1993).
n Cas A is also known to be a slow rotator @gin i <
6 km/s). Spectral type, photometry and parallax are taken from
2.2. Available observational data Gliese & Jahreiss (1991)

Four systemsy Cas, £ Boo, 70 Oph and85 Peg,
those criteria.

We come now to a brief description of the main characteristics
of each binary. Observational data are given in Tables 1 ani®22.2.¢ Bootis

The errors are absolute errors unless otherwise indicated. . . L
& Boo (HD 131156) is one of the nearest visual binaries (7 pc)

o for which the orbit is known with great accuracy. The photo-
2.2.1.7) Cassiopeiae graphic coverage now extends 09éf of the orbital arc. Here
we adopted the orbit calculated by Hershey (1977).

n Cas (HD 4614) is a nearby visual binary at a distance:@pc ; X
d The results of different recent spectroscopic analyses (Gray

in the northern hemisphere. It was discovered by Herschel an ) )
has been well observed since 1830. In spite of the long binary24 Ruck & Smith 1995) are in close agreement. In order
period & 480yr) there exists abundant photographic materitd 9et uniform values for effective tempergture in this work,
and it has been possible to determine the orbital elements We chose the Gray et al. (1994) deter_mlnatlon. Moreover_ G_ray
curately. Van de Kamp & Worth (1971) computed the orbit arfil al. (1996) have shown that the effective temperature var_|at|(_)ns
the mass ratio of Cas taking 251 nights over the period 19121 & Boo A between 1984-1993 are less than 12K, which is
to 1970. We adopted their orbit for this work. within the thg effective temperature grrgrs (see Table 1).

van de Kamp (1954) indicates thatCas A itself is sus- & Doo Alis @ very slow rotator, in i = 3km/s. Spectral
pected of being an unresolved astrometric binary, with an unsé$pg: Photometry and parallax come from Gliese & Jahreiss
companion with very small mass, pointing out that'as A is (1991).
found to be over-luminous with respect to the mass-luminosity
relation. Until now no evidence has been found for the existen2e.3. 70 Ophiuchi

of an unknown companion ofCas A. This might indicate that h icvisual bi 0wk (HD 165341) i
the observed over-luminosity is duern@'as A having evolved € spectroscopic visual binary systeOph ( )is

with respect to the zero age main-sequence, ZAMS. Indeed, i of our nearest neighbours (5 pc) and is among the first dis-
seems to be the case (see Fig. 1) covered binary stars. It was observed first by Herschel in 1779.

Spectroscopic analyses fgrCas A have been carried out The angular separation is always greater than 1.5” and it has

by different authors using different methods. We adopted tﬁgmpleted more than 2.5 orbital revolutions since its discovery.

value published by Gray (1994) based on the analysis of tjﬁﬁorbit is very well knpwn. Moreover, i.t is one of the unusual
line-depth ratio between Vanadium and Fe lines, a very sdgses forwhichthe orbital elements derived from astrometry and
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Table 2. Global parameters of the select systems and their uncertainties

n Cas A nCasB & Boo A & BooB 70 Oph A 70 Oph B 85 Peg A 85 Peg B
Log(L/Ls) 0.11+0.03 -1.19-0.08 -0.26:0.03 -1.03%0.08 -0.29-0.03 -0.870.08 -0.14-0.04 -1.10.1

Terr (K) 608760  4036:150 555120 435@:150 5322:20 4356t150 539#22  390G6t200
z 0.009£0.002 0.012-0.002 0.012-0.002 0.004:-0.002
M/ M 0.95+0.08 0.62:0.06 0.86:0.07 0.7@:0.05 0.89%£0.04 0.71%#0.04 0.9%0.11 0.73:0.13

from spectroscopy are in very close agreement (Heintz 1988DRAVEL (Duquennoy & Mayor 1992) and the corresponding
Batten & Fletcher 1991). We adopted the astrometric orbit wfdividual spectroscopic masses (4952, 0.69-0.2) were in
Heintz (1988). The presence of a third short-period object wery close agreement with the astrometric ones (see Table 2).
the system has sometimes been suspected (Heintz 1988),Moteover and according to the present available observations
no perturbation on the radial velocity @ Oph A has been the hypothetical binarity of 85 Peg A and B themselves cannot
detected, so that, even if it exists, it would be very small afk confirmed (Mayor 1996, private communication). Note that

with no influence on the parameters determination. very recently Martin & Mignard (1997) redetermined the mass
The effective temperature was determined by Gray & Johratio for 85 Peg and for other short-period binaries, using the
son (1991) using the line-depth ratio. data from the HIPPARCOS mission. They claimed very similar

The accuracy of the metallicity is quite poor as all thealues for the masses 85 Peg A and B which indicates that
measurements were performed before 1978 with photograpttie problem with mass determination still remains.
plates. The two most recent determinations yielfee/ H] = Several metal abundance studies have been performed. The
-0.05 (Peterson 1978) anfél'e/ H] = 0.00 (Perrin et al. 1975). catalogue of Cayrel de Strobel et al. (1992) counts 7 determi-
We chose the solar metallicity as a representative value of thegtions. The weighted metallicity average calculated by Taylor
70 Oph metallicity. (1994) taking into account the 6 last one$i®/H] = -0.65+

Both components are slow rotatorsjw ¢ < 25 km/s. Spec- 0.10 (see also Gray 1994). We took this value as the reference
tral type and photometry come from Gliese & Jahreiss (199%pr 85 Peg metallicity. Recently Van't Veer using thedline

We took the trigonometric parallax given by the U. S. Nav&lL996, private communication) obtained a slightly lower value,

Observatory group (Harrington et al. 1993). [Fe/H] =-0.80.
Note that the calibration afo Oph will test if a star of solar The new determination of Gray (1994) for the effective tem-
metallicity also has a solar helium abundance. perature oB5 Peg A was used; it agrees with the value obtained
by Van't Veer (1996).

85 Peg A is a very slow rotator,sin ¢ =3.1km/s. Spectral
type, photometry and parallax are taken from Gliese & Jahreiss
85 Peg (HD 224930) is a visual and spectroscopic system {1991).
our neighbourhood (12 pc). It is one of the most interesting
binaries and has been studied for differentreasons: cosmolog'&:gl
initial helium abundance (Catchpole et al. 1967), presence of an’
unseen companion (McCarthy 1983), stellar evolution (Perf2n3.1. Effective temperature of the B components
et al. 1977; this work), confrontation between astrometric aIAd the binaries studied h detailed ¢ . I
spectroscopic solutions for the orbit (Lippincott 1981). mong the binares studiednere no detalled Speclroscopic ana

Before 1971, astrometric (Hall 1948) and spectroscopYé'S has been done for any of the B components.

(Underhill 1963) determinations showed an (abnormal) frag- The eff_ectlve temperatures of _the cool companion stars can
: : . e determined using the calibrations of the colour index ver-
tional mass higher than 0.5, viz. the mass36fPeg B was

higher than that oR5 Peg A. In order to explain the higher sus effective temperature. Bessel (1994) established a relation-

mass of the secondary it was assumed&haPeg B itself was ship betweerilzq and .(R —1); (in Wh'Ch J stands for the
double. Johnson system) coming from a detailed model atmosphere for

Later, Feierman (1971) pointed out that the determinatic(J:r?OI dwarts. Alonso et al. (1996) argued tH& — I); was a

of the fractional luminosity of the companiaf, measured only very good temperature indicator below 5000 K. The relation-

from the apparent magnitude differencean, led to an overes- ship [(12 — 1), Teg] is not strongly dependent on metallicity:

timate of the real value when the binary separation was less tfﬁ%rha fixed (R-1), the error o is less than 100K. AS for
ur sample, only R — I) x (K for Kron system) was available.

. 0
1.5”, due to a blend effect of the primary on the photographjc : . .
plate. Taking this effect into account, a more reasonable va(éé’vas converted int¢ 2 — 1), through the relationship from

ofthe fractional mass is 0.44 an®5 Peg A becomes the more ggen (1971). Therefore, we considered a resulfiggerror
of about 150 K.

massive companion (Feierman 1971; Lippincott 1981). This re- . .
sult was later confirmed by spectroscopic measurements usinﬁ;rh? effective tempergture for85 Peg B, forwh_lch(tﬁ?&] )
cofour index was not available, was estimated using a blackbody

2.2.4. 85 Pegasi

Observational HR diagram
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approximation based on the predicted infrared brightness (Jofit888) examined the effect of different equations of state on
son & Wright 1983). the position of the ZAMS in the H-R diagram and found that
the position of the ZAMS calculated with EFF and with a more
realistic equation of state such as MHD (Mihalas et al. 1988)
was approximately the same for masses betweem/g.and
In order to derive the stellar luminosities we used the parallaxe®) /. Moreover, fo M = 0.6);, the difference between stel-
and the apparent visual magnitude of Gliese & Jahreiss (19%4)models computed with EFF and MHD was inside the typical
and the bolometric correction from Schmidt-Kaler (1981 arifi.¢ observational errors for cool stars. These results were in
references) based on empirical data, for whidh,; = 4.64. agreement with those obtained using the equation of state de-
According to Schmidt-Kaler, for Population | stars the relatiorsigned for low-mass stars and giant planets from Saumon &
ship of T,.¢ versus bolometric correction is marginally affecte€habrier (1992).
by the metallicity. We adopted bolometric correction errors of The microscopic diffusion of chemical elements changed
0.06 and 0.20 for the first and second component respectivellye stellar structure and was able to affect the position of the
The error in luminosity was calculated taking into accoutellar model in the HR diagram: in external layers helium dif-
the error in bolometric correction and the error in parallax. Wasion increased the opacity (it increased fe contribution)
adopted typically+0.03 dex andt-0.08 dex onLog(L/Ls) and decreased the effective temperature; in the core, helium in-
for the primary and secondary binary components respectivalyeased and produced an increase in the luminosity. Also the
60% and 30% of the total error in the luminosity for componentsavy elements diffusion mainly changed the opacity in the
A and B respectively is due to the error in the parallax. In thghole star.
HIPPARCOS data the error in luminosity is mainly dominated by  Nevertheless, for low mass stars, the “high density” in ex-

2.3.2. Luminosities

the error in bolometric correction (Baglin 1997). ternal layers broke the diffusion and in the core the diffusion
time scale was of the same order as the evolution time scale.
2.3.3. Metallicity Therefore, one could guess that the difference in models for

low mass stars with or without diffusion would not be large.
The mass fraction of heavy elements, Z, was derived assumTrigs had already been quantified by Edmonds et al. (1992) who
Log(Z/Z,) =~ [Fe/H] and Z, = 0.019 (Grevesse 1991), for theperformed calibrations af C'en using models with and without
solar mixture. This relationship is valid for Population | starkelium diffusion. It was found that diffusion did not affect the
which do not present the-elements enrichment seen in metaHR diagram position for Cen B (~ 0.9M,) at all and that
deficient stars (Wheeler et al. 1989). the difference between the model with helium diffusion and the
model without was less than 60K in the casexof'en A (=~
1.1My). This value was of the same order as the size of the
present observational errors in effective temperature iG%n
The total binary mass was derived from Kepler's law. We ag:. We therefore chose not to include the microscopic diffusion
sumed thatthe errorin the sumis due only to the error in paralligour models.
(Wielen 1962). Individual stellar masses were then determined With these inputs the solar luminosity and radius were ob-

2.3.4. Individual masses

using the knowledge of the fractional mass ratio, B. tained at the solar age (4.6 Gyr, Tilton 1988; Guenther 1989)
with an initial helium abundance Y = 0.28, and a mixing length
3. Stellar modelling and calibration parameter for convectiom,, . = 1.7.
) We calculated evolutionary stellar models for masses be-
3.1 Input physics for the stellar models tween 0.5 and 1.1/, metallicity between 0.004 and 0.019,

The stellar models were calculated using the “Code d’evoluti¢lium abundance between 0.25 and 0.28 @pd.7 between

stellaire adaptative et modulaire”, CESAM (Morel 1997). AIP.7 and 2.7. Some particular models were evolved from the

the stars considered in this work are slow rotatorsinvi < ZAMSto 6 Gyr.

30km/s, so the spherical approximation is valid. We used the

Livermore radiative opacities (Iglesias et al. 1992) comple-o Method of calibration

mented at low temperatures {T10000K) by atomic and

molecular opacity tables from Kurucz (1992). The opaciti€salibration was inspired by the method developed by Noels

were calculated with the solar mixture of Grevesse (199&}al. (1991) foix Cen system. In the case of C'en, both stars

corresponding to a solar metallicity Z=0.0190. Convectioffere supposed to have the same Z, Y, agecandr, and were

was described with the C|assica| mixing |ength theor@l‘(a_ calibrated in the HR diagram with the constraint on observed

Vitense 1958). The atmosphere was represented by an Eddiégctive temperature and luminosity.

ton T(r,T.¢) law, wherer is the mean optical depth. The nuclear In our case the calibration method was slightly different

reaction rates were from Caugh|an & Fowler (1988) because the meta"|C|ty was known with sufficient accuracy. Z
The equa’[ion of state was described by Egg|etd|/ﬁs therefore an observable of the SyStem which gave a rather

et al. (1973), hereafter EFF. This simple analytical formalisf{rong calibration constraint. We also assumed that both stars

was sufficient for our purpose. In fact, Lebreton &jiben
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had the same age and chemical composition but we allowed-5 ' T [ L B
differenta,, ;1 values. °
The sum of the masses was more precise than the derivgd
individual stellar masses, so we fixed MA+MB. We also fixe&lu 0
the metal content. S
We searched for the solution which satisfied the constraint
of the luminosity and effective temperature for the two stars-0.5
and which corresponded to the observed metallicity and sum
of the masses MA+MB. This yielded the unknowns of the sys-
tems: age, Yo7 4 @andags g and individual masses. The g
best solution was the one which kept MA and MB inside the
observational error bars.

L1

LIS N ) B B B I B

_1‘5 T B Lo by by - 1 .J § N T
3.85 3.8 3.75 3.7 3.65 3.6 3.55
4. Results Log Teff

'@ 1. Calibration of the; C'as system in the HR diagram ZAMS mod-

The results are presented in Figs. 1, 2, 3, and 4 in which we s
o? s corresponds to 0s5 M /Mg <1.1, Z=0.009 and Y=0.25. Small

indicate the blnary position and error box (p.e., probable err ack dots represent the 10, evolutionary track from 0 to 6 Gyr in
Table 3 gives the values of MA, MB, Your14, steps of 1 Gyr

ayrp and age which yielded the observed effective temper- '

ature, luminosity and total mass for each binary.

1.0
4.1. n Cas 0.2
The results indicate that C'as is helium-deficient relative to
the Sun and slightly younger than the Sun. Thisis in agreemegt -0.4 j
with the age indications from the chromospheric activity using

the Ca Il emission line (Hale 1994, Poveda et al. 1994). "5 -0.6

Solutions were found adopting the solag; . for both 3
stars. However, a slight disagreement between derived and ob--0.8
served individual masses remains. A better mass consistency
could be achieved if B¢ 0.36. This value is not completely -1
unrealistic: D. Popper (1980) gives B = 0.38.01 (an average

weighted value taking into account the three last publications). .12

o
|x\|\v|‘|\\‘Tr\‘\\\‘\xv<\

£ Boo B

- A T T T T A ST M S R

. 3.75 3.7 3.65 3.6
3.8 Log Teff
4.2. £ Boo

. . . . Fig. 2. Calibration of the Boo system in the HR diagram. ZAMS
The calibration of¢ Boo gives results very similar to thosepggels correspond to 0661/ /Me, <1.0,2=0.012 and Y=0.26. Small

obtained for; C'as, for Y, age andvy; .7 : { Boois youngerand piack dots represent the 0, evolutionary track from 0 to 6 Gyr in
helium-deficient relative to the Sun and the samg; value steps of 1 Gyr; the open triangle represents the positich Bbo B
was found in¢ Boo A as in the Sun. using Veeder’s calibration (see text).
We suggest that Boo is a very young star. This is in agree-
ment with the presence of a large quantity of lithium in the
spectrum of¢ Boo A (Herbig 1965) as well as considerable As for » Cas a change in B (of about 0.42) is needed to
chromospheric activity (Ruck & Smith 1995). get exact agreement between the observed and calibrated mass
The position of¢ Boo B agrees with the models onlyvalues.
marginally. A better agreement could probably be obtained us-
ing a more detailed equation of state. Another possible explagfas; 700ph
tion could be related t@.g determination of Boo B. Veeder
(1974) established an empirical relation betw&gpand (R-1) The individual masses found are in very close agreement with
and found 4270K fo€ Boo B. In Fig. 2 we have also plottedthe observed values confirming that the metallicityf0fOph
the B component position using Veeder's calibration. It can lievery close to the solar one. The valuesxgf, and Y are
seen that the differences between the model and the observati@nsame as for the Sun. The age is lower than the solar age:
are clearly reduced if we use Veeder’s instead of Bessel's val@&syr is probably an upper limit. This seems to be in agreement
Moreover, our results provide an indirect determination of thvith its rotation velocity (vsin i ~ 16 km/s), which is high
gravity of ¢ Boo A. We find Log g = 4.6. enough for a main-sequence low-mass star. Note, however, that
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Table 3. Results of the calibration and corresponding uncertainties (p.e, probable error)

Observable 17 CasA nCasB & Boo A & BooB 700ph A 7T00phB 85 PegA 85 PegB

M/ Mg, 1.00+£0.04 0.5&0.07 0.9:0.04 0.66:0.07 0.96:0.04 0.7@:0.07 no solution no solution
Helium, Y 0.25+0.02 0.26:0.02 0.28:0.02 no solution
aMLT 1.7+0.3 1.7 1.20.3 1.7 1.20.3 1.7 no solution  no solution
age 42 2+2 3t2 no solution
0 : — T : ﬁ ()2‘4
. : 0F 10
02 1o 70 Oph A . 7 85 Peg A i
‘ i C ® ‘
r R 02 - |
04 — — C
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Fig. 3. Calibration of ther0 Oph system in the HR diagram. ZAMS Fig.4. 85 Peg system position in the HR diagram. ZAMS models
models correspond to 66 M /M <1.0,Z=0.019 and Y=0.28. Small correspond to 06 M /M <1.0, Z=0.004 and Y=0.23

black dots represent the O, evolutionary track from 0 to 6 Gyr in

steps of 1 Gyr.

Are the observations correct? ThEe/H] and effective
temperature of 85Peg A have been determined several times.
the dispersion of the age vs. stellar rotation relation is quite higfhe good agreement between these determinations gives some

amounting to more than 2 Gyr (Dorren et al. 1994). confidence to the values obtained.
Perrin et al. (1977) also discuss a similar situation gor
4.4. 85Peg Cassiopeiae A, another metal-poor nearby star, so the possibil-

ity of a relationship between the’s Peg problem” and low
Fig. 4 indicates that the calibration by stellar models does naetal abundance should be checked. The mixture of the heavy
seem possible3s Peg A and B appear to be too cold and/oklements could differ from the solar one, i.e. oxygen might be
over-luminous with respect to the ZAMS. Perrin et al. (197 §verabundant with respect to iron as is the case in Pop |l metal
have already mentioned this problem. On the other hand takisgpr stars (Axer et al. 1995). However, it would lead to a global
into account the observed masses (see Table 2) we do not exphift of the main sequence (Lebreton et al. 1997) and will not
significant evolutionary effects in the HR diagram & Peg help to solve this difficulty.
A and B.

It is tempting to play with the stellar parameters in order
obtain a solution. Only models with extremely low helium<Y
0.20) and high agex{20 Gy) could fit the HR diagram positionHow accurate are the inferred parameters? The errors pre-
of 85 Peg A, which seems definitively unrealistic since theented below reflect only the errors in the derived parameters
primordial helium is estimated to be>¥'0.23+ 0.01 (Balges taking into account the errors in the stellar effective temper-
et al. 1995; Pagel et al. 1995) and the age of the Universe todtare, luminosity and metallicity (see Sect.2.3). The error in
between 10-20 Gy. the observed metallicity was considered as an effective error in

Apossible alternative solution would be to change;r. It  Log(L/Lg) andTes according taAZ/ALog(L/Lg) =-0.045
is possible to fit th&5 Peg A position by decreasing;;r to andAZ/Log AT.g = - 0.2 (coefficients are obtained with the
about 1.0 (Axer et al. 1995) but a similar changex@fr~ will help of theoretical ZAMS models for the range of masses and
not fit 85 Peg B position (the sensibility of a model of 08, chemical compositions considered in this work). Considering a
to a7 IS Not so high). As a consequence the ZAMS slope ftypical observational error in the metallicityZ = 0.002, the
85 Peg would become very strange. effective errors i.og(L/ L) andT.¢ were respectively 0.045

tfl-’.s. Accuracy of the results
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Table 4. HIPPARCOS versus ground-based parallaxes for the selected systems

Parallax n Cas & Boo 70 Oph 85 Peg

this work 0.1684-0.0031 0.149% 0.0036 0.1962:0.0051 0.0796:0.0032
HIPPARCOS 0.16799:0.00062 0.149260.00076 0.196620.00138 0.080680.00303

and 0.010 for the first component and 0.091 and 0.015 for ther  Cas, 70 Oph, & Boo the differences between thep-
second one. PARCOS parallaxes and those used in this work were very small
(typically 10 times lower than the ground-based parallax errors).
1. Mass. The error in the mass of the primary star is mainljs a consequence, the stellar masses and luminosities remained
due to the evolution (the range of the evolutionary track wagichanged. Therefore, no changes of the calibrated parameters,
considerably greater than the error box). Y, ap 7 and t, were expected for these binaries usingHiire
The mass error of the secondary was mainly due to the erparcos data.
box size (the evolutionary track always remained inthe error As for 85 Peg, the difference between the ground-based and
box): AM/ALog Tes ~ 5.5 andAM/ALog(L/Le) ~ 0.5 HippARCOS parallaxes was still too small to explain the strange
corresponded tAM ~ 4 0.04 (p.e.) for the primary star HR diagram position of the binary.
andAM =~ £ 0.07 (p.e.) for the secondary. Nevertheless the use of theeParcosdata in this work will
2. Helium abundance. The error in the helium abundancepe studied more carefully in future work. In fact very recently
was determined taking into account the observational @sderhjelm et al. (1997) claimed that using therarcos par-
rors for the primary star. Theoretical stellar models faillaxes with old orbits could be a bad idea taking into account
0.8< M/M<1.0 indicated that\Y/ALog T.g ~ 1.5 and thatHiPPARCOShad also made observations of the orbital motion
AY/ALog(L/L¢)~0.3. These values correspondedd  of visual binaries, and that some orbits should be reexamined,
~ £ 0.02 (p.e.). in particular those with low periods.
3. Mixing length parameter. The outer layers of the stellar con-
vective region (i.e. the super-adiabatic region) were verg/ _ ) _
sensitive to the parameten, ;7. A change ofa . im- - Discussion and conclusions

plied a change of stellar radius and as a consequence an/gf-studied the modelling of four nearby visual binary stars.
fective temperature variation (the luminosity remains quasi- The modelling ofy Cas, ¢ Boo and70 Oph was made by
unchanged). fixing effective temperature and luminosity for both stars as well
The 1.0V ZAMS model indicated that a variation fromgg the metallicity and the total binary mass.
ayrr = 1.7 t0 2.7 implied an increase of about 300K in  \we did not find an acceptable solution explainingth@®eg
effective temperature, typicallixa . /ALOg Te ~ 50.  position in the HR diagram with our stellar modelling procedure.
However as the mass decreased, the density increaggg position was also incompatible with the same mass for both
and the convective efficiency also increased, so the supstrs.
adiabatic region became thinner. As a consequence the ef-jithin the error bars the individual masses derived through
fective temperature became less sensitivevie.r. FOr  modelling were in agreement with the astrometric values com-
M=0.6M, variations ofa s = 1.7 to 2.7 led only to an jng from the orbital analysis. Foy Cas and¢ Boo a decrease
increase ot 30K in effective temperature and foré®.4  of about 10% in the mass ratios allowed them to fit the obser-
Mg, the stellar structure became completely independentgftional values precisely. However, this change was higher than
a7 On the main sequence. the claimed accuracy of the mass ratio of 2%.
The error ina s Was determined by taking into account  The present work shows that a single valuewaf;. 7, viz.
the evolution of the primary component; a typical errohe solar value, can be used to model low-mass stars of Popu-
of 50K in the effective temperature of the primary givegytion |. This result is independent of mass, age and chemical
Aayrr=+03(p.e.). composition.

4. Age. Because the location of low-mass stars models in the
HR diagram was very weakly dependent on age, the age bf The uniqueness af,, ;. for low-mass stars suppresses an
the system depended essentially on the evolution of the pri- arbitrary free convection parameter. This is particularly im-

mary. For atypical evolutionary model of 1A0,,, At/ALog portant as the convection description has been one of the
Torr = 250 andAt/ALog(L/Lg) =~ 33. This gaveAt = + main sources of theoretical inaccuracy in the modelling of
2Gyr (p.e.). low mass stars.

5. Improvements from the HIPPARCOS data. Just before this Moreover the uniqueness afy;; reduces the number of
work was finished, we had access to the parallax com- unknown parameters in the comparison between theory and
ing from the HIPPARCOS mission, thanks to the proposal observations.

INCAO11 (Baglin et al. 1982). They are compared to th€. For a fixed chemical composition and taking into account
parallaxes used in this work (Table 4.). that the dependence am,r decreases with mass, the
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Fig.5. Helium versus metal abundanae:Centauri (Fernandes & Fig. 6. Age versus metal abundance (same systems as in Fig. 5)
Neuforge 1995) and other stars (this work)

Unfortunately, only a few systems can be studied at this
vel of accuracy, due to the quality of the observational data, in
rticular thd F'e/ H| ratio, the effective temperature scales and

the bolometric correction for the cool components. The Rew
PARCOS parallaxes combined with the improved spectroscopic

The present work provides precise determinations of age dfja, with particular attention paid to metallicity, will provide

helium abundance for stars other than the Sun. The accurac}f# hecessary material to increase both the accuracy of the cal-

age is2 Gyr (p.e.) and the accuracy in the helium abundancei@ation of these objects and the number of systems to which

0.02 (p.e.). they can be applied. Detailed tests of the stellar structure mod-
As the chemical composition 6f) Oph is the same as the €lling, as well as a better knowledge of the chemical history of

solar one70 Oph A and B and the Sun define the solar mas&be solar neighbourhood will then be achievable.

luminosity relation between 0.7 and 14,. A positive corre-
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